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Title of the Invention: 

FUEL INJECTOR AND ITS CONTROL METHOD 

Background of the Invention: 
Xio l cl u f the Immtiem 

The present invention relates to a fuel injecto^ having a fuel 
injection valve, which is mounted in an internal -combustion engine to 
control the amount of fuel suppliecj|, and to a method of controlling the fuel 



A 

10 In general, a fuel injection valve comprises a fuel injection orifice, a 

valve seat disposed incite vicinity, a valve body slidably supported in an 
axial direction at imposition facing the valve seat, and a spring. The . At 

spring generatesjtbe force that presses the valve body in the direction of | 

& rLr** ii&fes ^rW^> 

the valve seafr f 3t^ ; ^AU^^^ 
15 ^Wbfe the valve seat and the valve body are bering kept in * contact 



by the spring force, that is to say, 



;e, that is to say, btsster^ the closed status of the 
>sagewav is closed, fuel is not injected from the 



valve, since the fuel passageway^ 
fuel injection^piSee. 

The fuel injection valve also has a magnetic circuit and coil 
20 assembly for driving the valve body. The application of a current to the 
coil assembly exerts^magnetic attraction force on the valve body, Het^by 1 
sfcdm§ the valve body^in an axial direction^ and^ wwm^ fee va l vu bedy 
away from the valve seat^to open therv ah^.^J^ I ^ u ' 

^At this time, since the fuel passageway is opened, fuel is injec ted 
2 5 from the fuel injectionj ffiffroo . 1 Mn the^uel injection valve, the amount of 



; » 
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fuel supplied can be controlled by adjusting the time fWjWhich the open 
status of the valve is maintained. > 



^To precisely control the amount of fuel supplied to the internal - 
combustion engine, it is necessary to reduce the minimum amount of 
injection that teethe minimal value of the controllable amounts of fuelj^ 
supplied. To achieve tee^reduction, the valve body needs to be opened 
at high speed, and^tesel^supply of 41 current to the coil assembly needs 
to be rapidly started. 



10 A patent document 1 (Japanese Application Patent Laid-Open 

Publication No. Hei 08-45735) exemplifies the conventional technology 
related to the abov^. " ~~ " 

According to the patent document 1 , in an electromagnetic load- 
driving method that uses at least one series circuit^which includes a load 

15 and a changeover means, changeover control is provided so that supply 
of a current to the coil assembly can be rapidly started by setting^small 
resultant inductance for a first time interval, in other words, for valve 
opening, and sssfeafylarge resultant inductance eaiaja^ set for a second 
time interval^he valve -opening retention durationyollowing the above - 

2 o mentioned first time interval. 



Summary of the Invention: 

Under the conventional technology described above, lujuuum , ^ j&t 
resultant inductance is changedibetween the first time interval andJk 
2 5 second time interval «« a ic ^d "al ro¥oj and mese specifically ^resultant 
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inductance is changed from a low value to a high value , between the first 
time interval for which the starting time of supply of the current is to be 
minimized, and the second time interval for which, although a hold current 
is required, t»ifast responsiveness is not required! *te.problems Would 
5 occur initio caoc thgty the power^voltage does not change. 

However, in particular, when the power supply actually used is a 
battery, ttfr voltage changes cannot be avoided. A fuel injector needs to 
operate its valve body at high speed and stably, even when, powe r ^±j^h 

voltage changes ^ssr. For this reason ^greater magnetomotive force, in 

<\ 

10 other words,j( larger integer value of the ampere -turns within the required 
time, is preferable. 



MHowever, in the case of the patent document 1 mentioned above, . t 

no consideration is given to changes in magnetomotive force due to ^ 

changes in^powerjvoltage. 

15 An object of the present invention is to providel a fuel injecto^ttel 

can cupprost^ changes in the amount of injection from its fuel injection 

valv^bya aafaaog the above -described problem^ a«i operating the valve 

body at high-speed and stably, even when power^^ 

thereb^^i^teble fuel injection characteristicsjeafl^^m^hod oi^^ ^^^^J 

20 controlling tbeAfuelinjector. ( 

in^the present invention, ^which io awtarwhwl lu i iucJ4hWL high -speed 

and stable operation of tta^ valvelDody^by providing connection 

changeover control of^coils^when power/voltage changes occur in the 

coil-equipped fuel injection valve, the problems described above can be 

2 5 solved by uo i ng tho fol l owing moaws;^ 

A 
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In tlwjtfuel injector^that comprises a direct -current power supply, a 
powerjvoltage detection means, a coil -equipped fuel injection valve, and 
a control unit for controlling said fuel injection valve, the co ^° l unit 
outputs a changeover signal for changing the magnit ude ofjresultant 
5 inductance of the coil in accordance with a power^voltage detection value 
WBtyfrom the power voltage detection means. 

Also, ir^the present invention, a reference value of the power/! 
voltage is set beforehandtand the control unit outputs a control signal so 
that when a detected power/yoltage value is less than the foregoing 
10 reference value, the resultant inductance of the coil is reduced, and when 
the detected powerjvoltage value is greater than the foregoing reference 
value, the resultant inductance of the coil is increased. 

In addition, in^the present invention, the fuel injection valve has a 
plurality of coils^and when/resultant inductance is to be set to a large 
15 value,. the above-mentioned plurality of coils are connected in series, and 
whenjresultant inductance is to be set to a small value, the above - 
mentioned plurality of coils are connected in parallel. 

According to the present invention, even when powegvoftage 
changes occur, it is possible to operate the valve body at high speed and 

✓SET 

20 stably and^stabilize the amount of fuel injection with respect to the same 
injection command pulse width. Accordingly, it is possible to provide a 
fuel injector that can stabilize the operational status of an internal - 
combustion engine. 



25 
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Brief Description of Drawings: 

Fig. 1 is a block-diagram representing an embodiment of the fuel 
injector^aertQinin^to the present invention; 

Fig. 2 is a cross-sectional view representing an embodiment of the 
fuel injection valve constituting the fuelinjector of the presen t invention; 



Fig. 3 is a timing chart 4^RtinU>qtthe operation of the fuel injector 
pectasrtng^o the present invention; 

Fig. 4 is a diagram showing the relationship between the fuel 
injection pulse and the amount of fuel injection; 

Fig. 5 is another timir^jj chart expteiwo^ the operation of the fuel 



injectorj ^irtaining to the present invention; 

Fig. 6 is a dagramjshowing the operation of the changeover 
switches of the fuel injector pei Uin i n^ to the present invention, aad^the 
connection relationship between coils; 

Fig. 7 is a flowchart oupla i ning^ the fuel injector of the present 
invention; 

Fig. 8 is a diagram > exptem h i ly the relationship between changes in 
power^voltage and changes in the amount of fuel injection; 

Fig. 9 is a wato^showing another embodiment of the present 

invention, ^Jj^^J^ q^^X^m^ 

Fig. 10 is a waofyshowing yet another embodiment of the present 
invention; and 

n^that showrf 1 examples in which V ^ is varied 
according to a particular fuel pressure or tbe^ particular resistance value 
oftharnes^ 1 
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Description of the Invention: 

In ttee/fuel injectoijthat comprises a direct -current power supply, a 
power^voltage detection means, a coil -equipped fuel injection valve, and 
a control unit for controlling the fuel injection valve, the fuel injection 
valve has a plurality of coils^and the control unit outputs a changeover 
signal for changing the magnitude -of-resultant inductance of the plurality 
of coils of the fuel injection valve in accordance with a powerjtvoltage 
detection value -sea^from the powerfvoltag^ detection means. 



The control unit is also adapted to set a reference value of a powers 
10 voltage beforehand andjoutput a changeover signal by which, when a 
value that has been detected by the power^voltage detection means is 
less than the reference value tfjat has been set beforehand, the resultant 
inductance of the coils is reduced, and when the power, voftage detection 
value is greater than the reference value, the resultant inductance^ of the 
15 coils is increased. 

Fig. 1 is a block diagram representing an emt£pdiment of the fuel 
injector^ according to the present invention. Fig. 2 shows A the 
composition of the fuel injection valve constituting^the fuel injectoqto 



which the present invention applies. 
. First, the basic operation of the fuel injection valve fe A desqjibed 
Jn\SMTsin 



25 



^ft l n\vf i ij^ Tig. 2ft^j^r4ttis a cross -sectional view showing an 
irmlforihhont of th^fuel injection valve oooatijmt i n g^the fuel injectorjof the 
present invention. An orifice plate 1 is provided with a fuel injection 
orifice 2 and a valve seat 3. The orifice plate 1 is fixed to an end portion 
of a nozzle holder 1 I^ Uy asmg a PBSCBd such asJSvelding. A^swirler 12 
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for swirling fuel is provided between the orifice plate 1 and the nozzle 
holder 11. 

Also, a guide plate 1 3 is fixed inside the nozzle holder 11. A valve 
body 4 is guided in ^sliding rnnrfition j(by a hole provided in the center of 
5 the guide plate 13/ andean inside -diameter section of the swirler 12. — 
^The valve body 4 comprises a movable iron core 5, a tubular 
member 6, and a rod 7, all of which are connected fe Bpadrtgo s c i m , IhuU > 
such asjwelding. A damper plate 8 provided inside the movable iron 
core 5 has an outer-surface sectionjsupported vsrticifcHy by an upper 
1 0 edge of the tubular mem ber 6. ^> 

c ^An interlocking member 10 is slidably supported in an axial direction 



in^e an inner fixed iron core 9. The interlocking member 10 has a front* 
end^brought into contact with an inner -surface se ctiqn^onh e damper plate 
8. The damper plate 8 has its outer -surface sectionjsupported, and its 
15 inner-surface sectionj^axially warpedr^Be£%|\functioning as a plate spring. 

The nozzle holder 1 1 is fixed to the inside of a nozzle housing 14. 

1k 

A ring 15 for adjusting stroke of the valve body 4 is provided at an 
upper end of the nozzle holder 11. A spring pin 1 9 is fixed ir££ide the 
inner fixed iron core 9. With a lower end of the sprinapin 1 9 A as jtsifixed 

20 end, a spring 20 is provided in a compressed condition. , 

Numeral 21 denotes a fuel supply port. Spring forces transmitted 
to the valve body 4 via the interlocking member 1 0 and the damper plate 
8, and the^valve body 4 is pressed against the valve seat 3. Under this 
closed status of the valve, since the fuel passageway is closec^ fuel that 

25 has been supplied from the fuel supply port 21 stays inside the fuel 



) 
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injection valvejanc^Nwefey, fuel is not injected from the fuel injection 
orifice 2. 

A magnetic circuit *©«teepiround a first coil 100 and a second coil 
101 is constituted by the nozzle housing 14, the movable iron core 5, the 
5 inner fixed iron core 9, a plate housing 16 , and an outer fixed iron core 17. 
When an injection command pulse turns on, a current flows into a 
series circuit formed by the first coil 100 and the second coil 101, tte^the 
movable iron core 5 is attracted to the inner fixed iron core 9 by 
electromagnetic force, and the valve body 4 moves to a position at which 
10 its upper edge comes into contact with the lower edge of the inner fixed 
iron core 9. 



MJnder this open status of the valve, since a clearance is created 
between^the valve body 4 and the valve seat 3, the fuel passageway is 
opened and fuel that has been supplied from the fuel supply port 21 is 

15 swirled by the swirler 12 and injected from the fuel injection orifice 2. 

When the injection command pulse turns off, the flow of the current 
into the first coil 100 and the second coil 101 is stoppedjand since the 
electromagnetic force disappears, the valve body 4 returns to a closed . 
status ^spring force to terminate the injection of the fuel. 

20 The function of the fuel injection valve is to control the amoun} of 

fuel supplied, by changing^the valve body 4 tejjan open statuq^r a closed 
status, depending on the injection command pulse status, aa^a©*^^ 
adjustttffc the retention time of the open valve status. 



precisely control the amount of fuel supplied to an i nternal- 
25 combustion engine, it is important that the amount of fuel injection with 
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respect to the same injection command pulse width should always be 
stable. 

An embodiment ofthe fuel injector^according to the present 
invention^ described below W«g^ Fig. 1. 

In Fig. 1 , a power supply 103 and a current detector 104, together 
with a first switch 1 05, a second switch 1 06, and a third switch 1 07, are 
connected to a first coil 1 00 of a fuel injection valve and to a second coil 
101 thereof. 



v The power supply 103 here can be either a battery mounted in a 
10 vehicle or a high -voltage generator consisting of a combination of a 
battery and a booster circuit which includes, for example, a DC/DC 
converter. The power supply can be any device, provided that it can 
supply electric power to the fuel injection valve. To make the fuel 
injection system less expensive, however, it is preferable that the power 
1 5 supply be^a battery for a vehicle. /r | ^ p jbc ^ d*~J+ 



Although it is preferable that the current detector 104 be aLilu lu uuu ; 

a^cur^t detection resistor, the type of current detector 1 04 is not limited 

frk yHf^^ and other means can be used alternatively, provided 

Ik 

that it can detect current values, ^voltage of the power supply 1 03 is 
20 measured by a voltage detection means 108, and its detected voltage 

V 103 is sent to a control unit 102. 

^The currents flowing into the first coil 100 and the second coil 101^ 

or the sum of the currents flowing into both coilsjis measured by the 

current detector 104, and the results are sent to the control un)t 102. 
25 Although not shown in the figure, operational status information, such as 
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wrjiintemal -combustion engine speed, is also input to the control unit 102. 

Inside the control unit 102, ^injection command pulse 
corresponding to the amount of fuel inj^ption required according to a 
particular operational status of the internal -combustion engine is created^ 
5 and a signal for controlling the changeover between the first switch 105, 
the second switch 106, and the third switch 107, is output, based on that 
injection command pulse. 

A certain voltage judgment reference value (V m ) is provided for the 
voltage detection value that has been measured by the voltage detection 
10 means 1 08 of the power supply 103. t The fuel injector operation 

switch opening/closing^uo€to r the statu grttra tjithe voltage detection value is 
igreater A than the voltage judgment reference value ^described below 
QSfiqtFig. 3. 

When, as shown in Fig. 3 (A), an injection command pulse signal 
15 1 10 turns on at 'V, the control unit 102 outputs a control signal; MPt, as 

shown in Fig. 3 ((^connecting the first switch 105, the status of which is 
represented'^numeral 117^and^as shown in Fig. 3 (D) an^E), J^~^J* c^J^p^L 
^disconnecting the second switch 106 and the third swijch 107, the status 



of which is represented ^numerals 11 8 and 11%. 
20 ^Thereby, the-first coil 100 and the second coil 101 are connected in ^, 

series w i th roopoot to the power supply 1 03. The resultant inductance^of ~ 
the first coil 100 and the second coil 101 , when viewed from the power 
supply 1 03, increases. 

The voltage at both ends of the series -connected first coil 1 00 and 
25 second coil 101 , namely, the voltage between points A and D, takes the 
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waveform ahnwrrat ut in no r a l 1 1 1 K in Fig. 3 (B). Here, the current flowing 
through the series-connected first coil 100 and second coil 101 , namely, 
the current I flowing between points A and D, can be^apidly increasel by 
appropriately setting the relationship between the voltage and the 
5 resultant ind^^cej^dresistance value of the coils. *j 



^ Accordingly, ,pnagnetomotive force (ampere-turns) feafyis the product 
of this current value and the total number of turns of the first coil 1 00 and 
second coil 101^also rapidly increases. This state is shown ^R^rod 
112 in Fig. 3 (F). 

10 Since the magnetic attraction force exerted on the valve body 4 also 

increases rapidly, the displacement thereof takes the form shown 



xwfflwal 1 13 in Fig. 3 (G), thus ^panig the valv^at high speed. After a 
fixed time, that is to say, after the elapse of time T^as shown in Fig. 3 (F), 
the control unit 102 generates a control signal for repeating the 
15 disconnection and connection of the first switch 105 so that 

magnetomotive force becomes/relatively low retention magnetomotive 
force (fh). 

After that, when the fuel injection command pulse turns off at "te", 
the control unit 102 generates a control signal for disconnecting the first 

20 switch 105. WsreteyjSince the coil current disappears, the valve body 
returns to a valve-closing position. Under this operation sequence, the 
amount-of-injection characteristics^represented with the fuel injection 
command pulse width taken on the abscissa^ and the amount of fuel 
injectionjfcpn the ordinate, appear as a fuel injection characteristics curve 

25 120 shown in Fig. 4. 
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However, the voltage of the power supply 103 frequently changes. 
In particular, when a battery for an automobile is employed as the power 
supply 103, the voltage could decrease to about 6 V, as represented by 
numeral 1 14 in Fig. 3 (B). In other words, the voltage may change to a 
5 value smaller than t he voltage judgment reference value W 

At this time, supposing that the resultant inductance of the coils is 
great^as described above, since the current flowing through the coils 
would also decrease, the response char acteri stics of /magnetomotive 
force would decrease, hemby tajtinjj ?>i«h inform as denoted by numeral 
10 1 1 5 in Fig. 3 (F). Because of the A magnetomotive force (ampere -turns) 



20 



lacking, the displacement of the valve would take sacfc a form as denoted 
by numeral 1 16 in Fig. 3 (G), thus making valve opening incomplete. In 
extreme cases, the fuel injection valve might not opery 

More specifically, the amo^rit-of-injection characteristics of the fuel 
15 injection valve might appear as a (characteristics curve 121 or 122 shown 
in Fig. 4. In other words, even if the same injection command pulse 
width is assigned, the amount of fuel injection would decrease. If this is 
the case, since the amount of fuel injection^rtin^i^lu the particular 
operational status of thejnternal -combustion engine cannot be supplied, 
trea fakfrwill be caused te/the operation of the internal -combustion engine. 

MJnder this operation sequence, the amount -of-injection 
characteristics^represented with the fuel injection co mpand pulse width 
taken on the abscissa^ and the amount of fuel injecti on, on the ordinate, 
would change from the characteristic? shown as 120jin Fig. 4j to the 
25 characteristics shown ctd 121 or 122. 
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In order to solve this problem, the considerations described below 
are incorporated into the present embodiment. The operation of the fuel 
injectoij when the voltage value of the power supply 1 03 is 

smaller than the above-mentioned voltage judgment reference value V m , 
^described Ibelowj^g [Fig. 5. ^ 

Va2!^l Crater the statuo * fy V 103 ^ Vth, v*^fRelnjection command pulse a 
turns on at "to^as^ mp io u B iiluU L i y numu i ul 110 in Fig. 5 (A), the control 
unit 1 02 outputs a control signa^for disconnepting the first switch 1 05.as 
re pf esenrtfSTOy^^ Fig. 5 (C), andicorinecting the second 

switch 106 and th^thii^switcl^OT^a 118 and 

«S in Fig. 5 (D) and ; (E). gfcteieby, the first coil 100 (N1) and second coil 
101 (N2) shown in Fig. tare connected in |i u illi I niilli mmpm I In the 

Accordingly, the resultant inductanceiof the first coil 100 and The 
15 second coil 101 , when viewed from the power supply 103,-e«iibe 

reduced, t^teefe^, Since^high -speed response of the magnetomotive 
force car^be obtained, it becomes possible to obtain a 
magnetomotive force waveform^s repr e sented by w umoral-frtf ^in Fig . 5 
(F). Consequently, as represented by numeral 1 13 in Fig. 5 (G), the 
2 o displacement of the valve body can be HWte fast and stable. 

After a fixed time, that is to say, after the elapse of time 1} as shown 
in Fig. 5 (F), the control unit 102 generates a coirtrol signal for repeating 
the disconnection and connection of the second switch 106 and third 
switch 107 so that the total magnetomotive force becomes^relatively low 
25 retention magnetomotive force (fh). 
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To controljretention magnetomotive force "fh" by connecting the two 
coils in parallel, it is preferable that the current value of the current 
detector 104 should be controlled so as to be about twice the current 
value thereof obtained in the case ofyseries connection 

When the fuel injection command pulse tu rns off, the control unit 
102 generates a control si gr^ll^r d isconnecting the second switch 106 
and the third switch 1 07, -teteb^ making the coil current disappear and 
returning the valve body to a valve -closing position. * j 



Here, the series/parallel connection relationship botw a wp ie first 
switch 105, the second switch 106^the third switch 107, K the first coil 100, 
and the second coil 101 , is arranged in order. This arranged state of the 
relationship is shown in Fig. 6. When V i0 3 > V*, this denotes a normal 
status. Conversely, when V103 <> V*, changeover control is conducted for 
the switcheSjSince the power A voftage is judged to be too low. 

In this way, providing the judgment reference value for the 
changeover of the switch connection tnm makes it po ssible to switch the 
series/parallel connection of the first coil and the second coil when the 
powerjyoltage becomes equal to, or less than, the above reference value. 
It becomes possible, bv doing so, to obtain the same valve -opening 

>wv «y JLdvir (jaCtf*^ y^dtki^ *v<r^~*Jl {j~Jub*~\ JJt*%$ 

characteristics^ those obtained in the case of^ oor io a^onncetion . 

^Thte status is shown Ji|solid lines in Fig. 3 (F)Xtc^(G) and Fig. 5 
(F) anc5(G). Therefore, stable injection characteristics can be obtained 
without changes in the fuel injection characteristics 120 of Fig . 4. 

The process|(($ flow A in the control unit 102 is shown in Fig. 7. In 
step 7a, it is judged whether the power^voltage V 103 or the voltage 
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judgment reference value V m is greater. If the relationship of V 103 ^ V* 
holds, 3#$$fr>arallel connection between the first coil 100 and the 



I connec 



second coil 101 is^ chango^ in step 7c. 

Mhat is to say, the connection is changed by turning off the first 
switch 105 and turning on the second switch 106 and the third switch 107. 
See Fig. 6. Conversely, when V 103 > V*, this status is judged to be 
normal^and the coils remain connected in series^as shown in step 7b. 
Also, see Fig. 6. 

Under this operation sequence, the amount -of-injection 
characteristicsjrepresented with the fuel injection command pulse width 
taken on the abscissa/ and the amount of fuel injection#on the ordinate, 
take the form shown as/120 in Fig. 4, and regardless of a low -voltage 
status, it becomes [ ^s^ible to maintain a status as stable as the fuel 
injection charact eristics^obtained when the voltage is hi gh. 

^ More specifically, even when the power^voltage changes, it 
becomes possible to suppress changes in the amount of fuel injection 
with respect to the same injection command pulse width, and thus to 
always stabilize the amount of injection. Hereby, the^^jnount of fuel 
injection according to the particular operational status of the internal - 
combustion engine can be suppliedjand this, in turn, enables stabilized 
operation of the internal -combustion engine. ^ 

Next, the relationship between pdweryvoltage changes and^fuel 
injection characteristic^© described^hnlww uting Fig. 8. Suppose that afflL 
normal pov^F^t^ge V103 is 14 v. The amount of fuel injection at this 
time is expressed as Fn. TS^case fes^this power^voltage V i0 3 
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decreases to 7.0 (v)j ^1fmrf iU^U 1 1 ui e . In this case, when V* is set to 
7.0 (v), the connection between the first coil 100 and the second coil 101 
is changed at this time. — — > 

^ More specifically, a coil changeover signal is output from the control 
5 unit 102 and the connection between the first coil 100 and the second coil 
101 is changed from series connection to parallel connection. If both 
coils remain connected in series at V 103 = 7.0 (v), the amount of fuel 
injection decreases to F1 (<Fn). The amount of injection, however, can * 
be recovered to the vicinity of Fn by changing the connection of the coil^. 

10 Fig. 8 shows an example in which the connection between -both 

coils is changed when V 10 3 = 7.0 (v). However, tb^optimum value needs 
to be set since the characteristics in Fig. 8 change according to the fuel 
injection characteristics ^aga i nat the powei>voltage, more particularly, 
according to the characteristics of the ^ll injection valve. 

15 x In general, it is desirable thayvherijvoltage V 103 decreases to a 

range from about 7.0 to 9.0 (v), the connection between the coils should 
be changed. Or conversely, after the tolerance of changes in the 
amount of fuel injection has been determined^above -described 
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changeover control can be conducted when the t olerance i s reached. 
. _ 

v For example, since characteristics "Fc" exhibit A nonlinearity with 
respect tc* power ,yoltage eteaoges, when the power^voltage decrease* 



decreases to 

half its original value, "F1 = (1/2) Fn" does not always hold. Therefore, 
the connection between the coils 100 and 101 can also be changed when 
the condition of "(Fn - Fc) > Fg (required value) " is established. 
25 In general, changes in the voltage of the power supply 103 cannot 
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be avoided. In particular, when an automotive battery is employed as 
the power supply 103, the voltage could decrease to about 6 V, as 
represented by numeral 1 14 in Fig. 3 (B). — ^ 

^ At this time, if the resultant inductance of the coils is great^as 
described above, the response characteristics of the magnetomotive 
force are apparently tantamount to having decreased^and the 
magnetomotive force takes so@h a form as denoted by numeral 1 15 in Fig. 



3 (F). Because of the^ magnetomotive force Jaettag, the displacement of 
the valve takes sash a form as denoted by numeral 1 1 6 in Fig. 3 (G), thus 
making valve opening incomplete. 

The amount-of-injection characteristics appear as a characteristics 
curve 121 or 122 stosse in Fig. 6, and thereby, there occur changes in 
the amount of fuel injection with respect to the same injection command 
pulse width, -feteM*^ Since the amount of fuel injection according to the 
particular operational status of the internal -combustion engine cannot be 
supplied, *&Bfe^ will be caused tejthe operation of the internal - 
combustion engine. 

Also, it would be possible to use the following methods to judge 
whether the powerjyoltage V 103 or the voltage judgment reference value 
Vm is greater. 



^The methods that can be actually used, however, are not limited to 
these methods: for example, the relationship in magnitude between the 



power iyoftage value and the voltage judgment refertfhce value can be 
judged by converting a detected voltage value into digital signal form by 
means of an A/D converter provided in either the voltage detection means 






1 



\ 

» 
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108 or the control unitl 02, and then using a microcomputer provided in 
the control unit 1 02. Onthe relationship in magnitude can be judged by 
e fttet4ng t tHe power voltage value and the voltage judgment reference 
value teto a comparator. 



In addition, there is another method of ensuring^ 
oporatiorref the valve^when the powei)voitage dec reases. As described 
above, when the power jyoltage decreases, thni lnr i mf iiign ii nl n li i in of 
the magnetomotive force apparentlyjdeJaps as shown in 1 15 of Fig. 3 (F), 
and^therefore^the magnetomotive force actually required^ - ^ 



10 obtained 




-At this time, by increasing the value of T^which is the time for 

tipn magnetomotive force, the 



Ghoi s goovc r time^can likewise be adjusted so tha^j ^rj^ 
force^becomeli great enough to open the valve. This method is also 

15 valid for ensuring valve opening. 

However, since this method extends the time required for the 
magnetomotive force to become great enough, the amount -of-injection 
characteristics are likely to take the form representee! asi121 in Fig. 4. 
For this reason, t horo o e ou rs a change in the amount of fuel injection / 

2 0 corresponding to the same injection command pulse width. Of course, it 
is also possible, after estimating this spread of change, to provide control 
so that the injection command pulse width is adjusted. 

To simplify engine control, however, it is desirable that the amount 
of fuel injection corresponding to the same injection command pulse width 

2 5 should always be constant. The present embodiment is advantageous 
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in that the amount of fuel injection correspo nding to the same injection 
command pulse width is always constant. AA . 

Furthermore, there is yet another method of ensuring^ 



o poratioa»o f the valve A when the power^voltage decreases. That is to say, 
valve opening can be achieved by applying^voltage only to either the first 

coil 1 00 or the 3e ^^T l ^j^^L l 'oI^Z^^^!^ 0 powe ^ vci ' tage decrease s- This 
method can also be s uch thafy voltage is applied only to a portion of the 
coil-wound section of the fuel injection valve 



m he use of this method also makes it possible to reduce the 
1 0 resul^t^durtance of the coils when viewed from the power supply 1 03, 
and herebty to augment the magnetomotive force abruptly. However, 
since the magnetomotive force is consequently applied to^a portion of the 
coil space of the fuel injection valve, jpurrent density increases and this 
poses the problem that the coil temperature increases very significantly. 
15 In the present embodiment, however, sirice^magnetomotive force is 

applied to the entire coil space of the fuel injection valvej^Jid since 
current density is controlled to a relatively small value, there is the 
advantage that increases in the coil temperature can be minimized. 

Next, the strand diameters and number-of-turns of the first coil 100 



20 and second coil 101 in the present embodiments^ described hrlriw. It 



is desirable that the first coil 100 and the second coil 101 should tejthe 
same strand diameter and iff thejnumber of turns. In this case, the 
responsiveness of the magnetomotive force can be controlled to the 
same level between both coils, even if the power^voltage decreases to 
2 5 about half its original value. 
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However, even if the strand diameters and number -of -turns of the 
first coil 100 and second coil 101 are set to different vgye s, there io not n 
c hange i n that the resultant inductance of the two coilsjcan be reduced by 
connecting both coils in parallel, and the effects of the present invention 
5 are not degraded. 

^jj-or the present embodiment, as shown in Fig. 3, the scheme in 
whicty magnetomotive force is changed toiretention magnetomotive force 
has been described. The effects of the present invention can likewise 
be obtained by adopting a scheme in which, after a reference value has 
10 been provided for the maximum magnetomotive force beforehand, 

magnetomotive force is changed toiretention magnetomotive force at the 
time of detection of the fact that this reference value has been reached. 

In the present embodiment, as s hewyn in Fig. 2, the first coil 100 and 
the second coil 101 are arranged^ n the axial direction of thefi(jel injection 
15 valve. jfttE is also possible to adopUcoil arrangement in which the first 
coil 10fyat the inside -diameter side of the fuel injection valve and the 
second coil 1 0 1)^at the outside -diameter side. . 

^This is a method of arranging the/coils at right unrcgtes, not axially, 
with respect to the fueljijection valve. It is advantageous to adopt this 
20 method in^tbe easels*, for example, there are spatial margins in the 

radial direction of the fuel injection valve, rather than in the axial direction 

OAS L 

thereof. A schematic view of suctyarrangement is shown in Fig. 9 jm. 

Furthermore, althoughjBj!6«$(6^ a method of electrical connection 
between the first coil 100, the second coil 101/ and the power supply 103, 
25 has been showij, the electrical connection method , the number of 



- 21 - 



switches, the number of coils, and other factors are not limited by^ Fig. 1 . 

When three or more coils are provided, p^id^tri^the 
connection status of these coils^when viewed from the power supplyjcan 
be changed from series connection to parallel connection, or vice versa, 
the present invention can also be applied in that case. An example of 
in such a case is shown in Fig. 10. In this example, N1 and 




N2 are the same asiin Fig. 1 . Ifencoils are connected in series to a . 
switch 105* / farallel^nn^o^is omitted. ^^^^^^^T^^^^T 
Also, in the abov^ embodiment, although a method of changing 
10 ^resultant inductance has been described^ gteeaftag . an example in which 



the power ^voltage changes, the response of the current may also 
deteriorate if changes in resistance occur in the coils or in the electrical 
wiring (namely, harness) for supplying the current to the coil s, 

^ If that is the case, the amount-of-injection characteristics can be 



15 stabilized by, for example, detecting/este^nce values directly or 
indirectly and then increasing or reducingijresultant inductance, 
depending on the resistance values, by use of the method described 
above. 

Referring to the example of Fig. 1, it has been earlier described that 
20 when a battery supplying a g^ser voltage of 14 (V) is used, the 

appropriate voltage judgment reference value V m for series/parallel 
connection changeover of the coils is from 7 to 9 (V). The voltage 
judgment reference value V*, however, can be varied according to other 
conditions. 



25 M^or example, V* can be varied according to a particular fuel 
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pressure or the particular resistance value of the harness. Examples are 
shown in^Hg^M . Fig. 1 1 (A) shows an example in^hich the voltage 
judgment reference value Vth is varied according to fijfuel pressure. Fig. 
1 1 (B) shows an example in which the voltage judgment reference value 
5 Vth is varied according to particular changes in the resistance value of the 
harness. 

Furthermore, it may be advisable to vary the responsiveness of^k 
magnetomotive force according to a particular fuel pressure level. For 
example, when the fuel pressure is high, it may be possible for the 
10 opening of the valve to be stabilized by reducing the responsiveness of 
the magnetomotive forc e. ^ 

^ In this case, the amount-of-injection characteristics can be 
stabilized by detectin^he fuel pressure directly or indirectly and then 
increasing or reducingj[resultant inductance, depending on that pressure 
15 value, by use of the method described above. 

In addition, the effects of the present invention are not limited to the 
east? of w i Qfpfrrc ftfuel injection valve having sttehjcomposition as shown 
in Fig. 2. The effects of the present invention can be obtained for any 
type of fuel injector, provided that Ajfuel injection valve wfcicb has coils 
20 and a magnetic circuit is included in the fuel injector 

According to the present invention, even injcase of powerjivoltage 
changes or the like, it is possible to operate the valve body at high speed 
and stably,^^©teyTo stably maintain the amount of fuel injection with 
respect to the same injection command pulse widtlyjandjconsequently^to 
25 obtain a fuel injector that can stabilize the operational status of an 
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internal -combustion engine. According to the present invention, the 
amount of injection is stably maintained, ev en when power^voltage 
changes occur. 

The present invention can be used for s*#t an electromagnetic 
valve A that usesjelectromagnetic force to provide fuel supply control, as 
well as for an automotive fuel injection valve. 



